Whereas normal consciousness could be restored only by liver perfusion, both exchange transfusion and liver perfusion were effective in clearing bilirubin and in raising the level of clotting factors. Extracorporeal baboon liver perfusion provides a safe and effective method for the treatment of acute hepatic coma.
Introduction
The management of hepatic coma due to acute hepatic necrosis remains one of the difficult problems in clinical medicine at the present time.
In recent years a variety of extracorporeal hepatic support techniques have been used for the treatment of this condition (Berger et al., 1966; Eiseman et al., 1966; Starzl et al., 1966; Burnell et al., 1967; Jones et al., 1967; Abouna et al. 1969 ; Hume et al., 1969; Condon et al., 1970) and of these exchange blood transfusion and pig liver perfusion have had the widest clinical application. However, neither of these techniques has by itself proved satisfactory and, in the absence of a controlled study, their exact role in the treatment of hepatic failure has been difficult to define (Benhamou et al., 1968; Williams, 1971) .
We report here an effective method for the treatment of hepatic coma with extracorporeal baboon liver perfusion. This method was used successfully in the treatment of two patients with fulminant viral hepatitis who had failed to respond to medical treatment and repeated exchange blood transfusions. D. M. HUME exchange blood transfusions were given. When no improvement occurred and when deep hepatic coma persisted for 24-36 hours after the last exchange transfusion extracorporeal baboon liver perfusion was carried out.
Exchange transfusion was performed through a brachial arteriovenous Silastic shunt by using an improved, semiautomatic technique which is designed to maintain isovolaemia throughout the exchange (Abouna, 1971) . For each full exchange 14-16 units of fresh (less than six hours old) heparinized blood were used. Three exchanges were carried out in each patient over a period of two to three days.
Liver perfusion was carried out by using a modification of the technique previously described, employing regional heparinization and a small and disposable perfusion circuitry requiring 250-300 ml of blood for priming . The liver was aseptically removed from healthy baboons (Papio papio weighing 40-60 lb; 1841-27T2 kg); it was immediately cooled by perfusion with a chilled electrolyte solution (Abouna et al., 1971a) and then taken to the perfusion apparatus in the patient's room. Perfusion was started after 30-40 minutes of cold ischaemia and was maintained for a period of 13-16 hours without interruption.
During, before, and after each extracorporeal procedure a full biochemical and coagulation survey was carried out. Before and at intervals after treatment serum samples were drawn for measurement of haemagglutinins and lymphocytotoxins to baboon and human cells and of antibody to baboon serum proteins by standard laboratory techniques. Periodically, liver biopsy specimens were removed from both patients by needle aspiration.
Case 1 A 1 3-year-old girl was admitted to hospital with a two-week history of fever, malaise, and progressive jaundice. Acute viral hepatitis was diagnosed and she was started on the standard medical regimen, including 80 mg of prednisone daily. Tests for Australia antigen were negative, but liver function tests indicated severe hepatic necrosis: serum total bilirubin 80 mg/100 ml; aspartate aminotransferase (SGOT) 3,200 mU/ml; alkaline phosphatase 115 mU/ml; total protein 6-7 g/100 ml (albumin 1-3 g); blood sugar 60 mg/100 ml; blood urea nitrogen (B.U.N.) 8 mg/100 ml; proth- I  II  I  II  I  II  I  II  I  II  I  II  I  II   1  2  22   10   40  50  150  110  165  115  106  95  154  144  20  45  30  55   10  30  30  45   25  30  35  45  30  20  55  60   106  80   400  99 showed considerable improvement, and though normal alpha rhythm was not yet established, there was less slowing, the voltage was almost normal, and there were no spikes or sharp waves. During the next 12-24 hours she became fully conscious, asking for food and drink. Improvements in blood chemistry and blood coagulation after perfusion were equally striking (Fig. 1, Table) . The next morning oral feeding with a low-protein diet was started and slowly increased so that by the end of the second week she was ambulant and taking 80 g of protein with a 3,600-calorie diet. On admission she was drowsy but communicable and had an enlarged tender liver. Tests for Australia antigen were negative but liver function survey showed a severe degree of liver necrosis and profound defect in blood coagulation: serum total bilirubin 12 mg/100 ml; SGOT 7,200 mU/ml; alkaline phosphatase 180 mU/ml; total protein 7-6 g/100 ml (albumin 2-8 g); blood sugar 50 mg/100 ml; B.U.N. 7 mg/100 ml; fibrinogen level 123 mg/ Liver biopsy performed two weeks after perfusion showed extensive hepatic necrosis, cholestasis, intense inflammatory reaction, and some fibrosis. However, signs of active liver cell regeneration were present, including binucleate cells and mitotic figures. Biopsy two months after treatment showed abundant chronic inflammatory cells, postnecrotic fibrosis, and other features of chronic active hepatitis. Biopsy at five months showed a more quiescent picture but with definite evidence of portal cirrhosis. Serial liver scans showed diminishing liver size and moderate splenomegaly. At the time of writing, eight months later, the patient was in excellent health and back at school. Her packed cell volume was 41 %, serum bilirubin 1-7 mg/100 ml, SGOT 100 mU/ml, alkaline phosphatase 110 mU/ml, total protein 7.5 g/100 ml (albumin 4-2 g), B.U.N. 7 mg/100 ml, serum creatinine 0-6 mg/100 ml, platelet count 287,000/mm3, and prothrombin 80%b with normal coagulation profile.
Case 2 A 24-year-old housewife was admitted to hospital with one week's history of fever, jaundice, failing vision, and increasing confusion. On the fourth hospital day her condition became critical with hypotension, oliguria, and decerebrate rigidity, and it was decided to treat her with baboon liver perfusion. This was carried out the next day and perfusion was successfully maintained for 16-hours.
During the first few hours of perfusion her circulatory state improved and her rigidity dramatically gave way to normal muscle tone and reflexes. By the 10th hour of perfusion she became resdess and just before the end of perfusion she began to respond to her name and to verbal commands. Four hours later she was able to talk. The following morning she became fully conscious. Oral feeding with low-protein diet was begun and was increased to 100 g a day. The subsequent clinical and biochemical progress was fairly rapid (Fig. 2) , so that within 14 days all substitution therapy was safely discontinued and she was discharged home six weeks after admission.
Liver biopsy one week after perfusion showed typical features of viral hepatitis in the acute phase with signs of very active liver cell regeneration. Liver biopsy at three months showed practically normal liver tissue.
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BRrrISH MEDICAL JOURNAL 1 jANuARY 1972 1 JANUARY 1972 25 At the time of writing, seven months after treatment, she was in excellent health looking after her four children and working as a part-time waitress. Her P.C.V. was 42%, platelet count 270,000/ mm3, total bilirubin 0-8 mg/100 ml, SGOT 50 mU/ml, alkaline phosphatase 52 mU/ml, total protein 7-6 g/100 ml (albumin 4.8 g), B.U.N. 9 mg/100 ml, serum creatinine 0.6 mg/100 ml, prothrombin time and coagulation factors 100%.
Discussion
The results obtained in these patients show that while both exchange blood transfusions and liver perfusions resulted in a pronounced clearing of bilirubin, in neither patient was there any demonstrable clinical improvement after repeated consecutive exchanges. In contrast, perfusions with the baboon livers were successful in reversing deep grade IV coma in both patients. It was observed that the recovery of consciousness started during perfusion and became fully manifest within a few hours of terminating the procedure.
In addition to producing clinical recovery, these perfusions were followed by a pronounced rise in the level of liverdependent clotting factors (see Table) , and though this was temporary, lasting 12-24 hours, we believe that such improvement is valuable in preventing bleeding complications. Synthesis of clotting factors also provides an important guide in assessing the quality and the clinical success of perfusion.
We used baboon livers in these patients because it was shown in an earlier study that the liver of this species could be made to function extracorporeally for up to 24 hours and that it was successful in reversing coma and in correcting serious abnormalities in biochemical function (Abouna et al., 1970) . Though repeated porcine or bovine liver perfusions can sometimes produce a similar clinical improvement, the results have been generally inconsistent and perfusions very difficult to maintain for more than a few hours without serious complications (Parbhoo et al., 1971) . The most serious of these complications has been the development of a bleeding diathesis during perfusion (Eiseman et al., 1965; Condon et al., 1970; Parbhoo et al., 1971) . In addition, antipig serum antibody as well as clinical immunological reactions may develop when repeated pig liver perfusions are carried out, whereas neither clinical reaction nor antiserum antibodies develop when baboon livers are repeatedly used (Abouna et al., 1970) . The superiority of the baboon liver in this respect is largely due to the much smaller degree of antigenic disparity between man and baboon than between man and pig; hence perfusions can be maintained for longer periods.
The results obtained in these two patients confirm these observations and show that prolonged perfusions with the isolated baboon liver are free from immunological and other complications and that these livers are indeed capable of carrying out the synthetic as well as the excretory functions of a normal liver for many hours. In our experience baboon liver perfusion has consistently resulted in reversal of deep hepatic coma on each of seven occasions during the treatment of four patients. Though the titre of the naturally occurring preformed antibody to baboon red cells and lymphocytes increased after perfusion, antibaboon serum antibody was never detected during the period of follow-up. Details of these and other immunological findings have been discussed elsewhere (Abouna et al., 1971b) . We now believe that this procedure is probably the best available method of treatment for hepatic coma and that, with good techniques, extracorporeal baboon liver perfusions are safer, more practical, and more effective than cross-circulation with a whole baboon (Saunders et al., 1968; Hume et al., 1970) or cross-circulation with a human volunteer or with a human cadaver (Burnell et al., 1967; Benhamou et al., 1968; Summers, 1970; Winch, 1971 Davis et al. (1968) that periodic liver biopsy with needle aspiration is helpful in determining prognosis.
In conclusion, we believe that the results obtained in these patients are encouraging, and they show that successful treatment of acute hepatic coma, with ultimate patient survival, is possible by using extracorporeal baboon liver perfusion and that
